Abstract: A new method of two-photon excitation of femtosecond signals of "entangled" free induction decay (EFID) by two crossed 790-nm laser beams in a CdS crystal at room temperature has been realized for the first time. This "entangled" (through the wave vectors) coherent response appears only in the case when the photons involved to the process of twophoton excitation of the sample belong to the different laser beams. This technique allows one to separate the EFID signal from the exciting femtosecond pulses and to vary the response wavelength by varying the angle between their wave vectors. The most optimal case occurs when the angle between the wave vectors of exciting pulses as well as the angle between each of these wave vectors and that of the response is equal to 60
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Introduction
In this work a possibility of spatial separation of such optical coherent response of a resonant medium as the free induction decay (FID) signal from the exciting femtosecond pulses is examined experimentally in the case of a two-photon absorption and the conditions needed for such separation are studied. It is known from the experiments on transient optical spectroscopy (see review [1] ) that the FID signal is emitted in the direction of the single exciting pulse. This fact leads to the technical difficulties in the FID optical detection. In order to separate the response from the exciting pulse investigators have to resort to various tricks such as the Stark pulse technique [2] or the technique of reversed FID [3] . The question then arises as to whether it is possible to realize the resonant simultaneous excitation of the FID by two crossed pulsed beams. However, with a one-photon absorption the energy of one of these laser beams is not used. Therefore, one should turn to the two-photon absorption (TPA), when the photons participating in the FID excitation belong to the different light beams. The TPA excitation was used by A. Rebane with colleagues [4] for a femtosecond recording of frequencydomain gratings. But in this case both photons participating in TPA belonged to one laser beam. The authors as-sert correctly that a probability of transition of a molecule from a ground electronic state to an excited one at the TPA is proportional to a fourth-order correlation function of an incident field. This is typical for quantum optics and quantum interference, including entangled (or correlated) photons from different light beams [5] . If for the FID excitation one needs the simultaneous action of three laser beams (the case of four-wave mixing) then the tree-photon absorption is required. Such FID signals are named here as "entangled" FID (EFID). In our work EFID was excited by two independent laser beams with wavelength of 790 nm. The CdS semiconductor crystal was chosen as on object of investigation. Earlier in [6] the necessity of two-photon excitation (at the wavelength of 790 nm) has been shown experimentally. With the forbidden zone width equal to 2.48 eV (which corresponds to the wavelength of 500 nm) two photons of 790-nm radiation of Ti-Sapphire laser are required to transfer the free carriers from valence to conduction band. In the experimental work [7] using the method of four-wave mixing spectroscopy we have obtained the value of optical dephasing time T d = 180 fs in this crystal at room temperature.
Femtosecond FID signals under two-photon excitation by two crossed beams
It is known [1] that the action of a short-pulse laser radiation on a resonant medium leads to the transition of active particles (for example, electrons) to a superposition state. We shall follow [4] taking into account that in our case the wave vectors of the exciting pulses (k 1 and k 2 ) participating in TPA differ form each other. Then the wave function of the active particle in a superposition state can be written as
where |g⟩ is the electron's wave function within a valence band, |e⟩ is the electron's wave function in the excited state (within a conduction band), to which the electron is transferred by the action of two photons from two different laser beams with wave vectors k 1 and k 2 , a e (t, ω e ) is the probability amplitude with transition frequency ω e . Let k 1 be directed perpendicular to a sample surface and k 2 be directed at the angle φ to the vector k 1 . Then after some calculations we obtain the following formula:
where
is the TPA parameter, E 2 0 (ω e − 2ω L ) is the Fourier transform of the square of electric field, ω L is the carrier frequency of f laser, ω e is the frequency of the interzone electron transition, t is the interaction time of laser pulses with the sample (which is equal to the pulse duration ∆t = 50 fs), ω γ and ∆ γ are the frequency and the width of the intermediate nonresonant state |γ⟩. So, an electric polarization is created in the sample by two crossed laser beams. This polarization oscillates at frequency ω L . Two Coulomb interacting electrons form the EinsteinPodolsky-Rosen (EPR) pair [5] . Knowing the wave function (1) allows us to find an average polarization ⟨p e ⟩ of EPR-pair and the nonequilibrium polarization of the sample
where N is the number of excited EPR-pairs. The electric field E(R, t) of the sample whose active zone is located at the distance R from the origin of laboratory coordinate system can be written as
wherep e is the second order time derivative of the electron polarization, n is the unit vector in k EFID direction, r is a radius-vector of the electron in the laboratory coordinate system. Then one can find the response intensity ∆I(k EFID , t) per unit solid angle
to be equal to
Calculations show that the EFID signals obey the following wave-matching conditions:
which correspond to two sequences of photon absorption (k 1 , k 2 , or k 2 .k 1 ) by different electrons of EPR-pair. With φ = k 1 k 2 = 60
• the wave vectors k 1 , k 2 , and k EFID form an equilateral triangle. It means that the carrier frequencies of the exciting pulses and of the EFID response coincide. From the theory of transient effects [1] it is known that the FID signal usually has the exponential temporal shape and the time decay of this signal is defined either by an inhomogeneous broadening or by a nonreversible optical dephasing. Figure 1 (online color at www.lasphys.com) Experimental femtosecond setup for observation and studying of the "entangled" FID in CdS crystal under two-photon absorption regime
Experimental observation of EFID signal in CdS semiconductor crystal at room temperature
The experimental setup used in our investigations of the TPA-excited EFID is shown in Fig. 1 . The operating wave length of the femtosecond laser system consisting of the the Ti-Sapphire laser and the amplifier was equal to 790 nm. The energy of the amplified femtosecond pulse with a duration of 50 fs was varied from 0.4 to 0.7 µJ. Laser pulses were divided into two pulsed beams (R = 50%) [5] . The first one focused by a 110-mm lens acted on the sample perpendicular to its surface. The second beam firstly passed through an optical delay line and then was directed at the angle φ to the same local area of the sample. The delay line allowed us to realize the simultaneous action of two pulses on the sample with a width of 1 mm. The emitted EFID signal was directed by the lens to a detector. It worth noting that the EFID signals are emitted in the directions which differ from that of the exciting pulses. Modulus of wave vector |k EFID | varies depending on the angle φ between the exciting pulses. That is why both the carrier frequency and the wave length of these responses appear to be the functions of φ. The experiments on the EFID search were performed at φ = 60
• (Fig. 2) . The EFID signal was observed at 790 nm and its time decay was measured. The experimental results are shown in Fig. 3 . The decay time was found to be equal to 170 -180 fs that is close to the optical dephasing time at room temperature [7] .
The EFID signal was experimentally observed for the first time in the CdS semiconductor crystal under the two- • photon absorption when the absorbed photons belong to different laser beams in order to provide the "entanglement" of the photon states. A new method of two-photon excitation of the FID signal by two crossed laser beams is suggested and implemented. It is shown that the most optimal conditions for EFID observation are achieved at φ = 60
• . This method may be used for the excitation of the "entangled" femtosecond photon echo (for example, in GaAs/AlGaAs heterostructure [8] 
